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In this non-systematic review, we  consider the sample reporting practices of 
42 studies up to and including 2021 investigating the biological mechanisms of 
romantic love (i.e., 31 neuroimaging studies, nine endocrinological studies, one 
genetics study, and one combined neuroimaging and genetics study). We searched 
scientific databases using key terms and drew on our and other authors’ knowledge 
to identify studies that investigated the mechanisms associated with romantic love 
using neuroimaging, endocrinological, and genetic methods. Only studies with a 
group or entire sample experiencing romantic love were included. The aim was to 
collate all relevant studies and determine the comparability of studies and ability 
to assess the generalizability of findings. We summarize how these studies report 
sex/gender, age, romantic love, relationship duration/time in love, and sample 
descriptors. We then outline the case for promoting comparability and the ability 
to determine generalizability in future studies. The findings indicate a limited 
ability to compare studies’ samples or make an assessment of the generalizability 
of findings. Existing studies are not representative of the general population in 
a particular country or globally. We  conclude by presenting ideas about how 
best to report sex, age, romantic love characteristics, relationship status, time 
in love, relationship duration, relationship satisfaction, type of unrequited love, 
sexual activity, cultural characteristics, socio-economic status, student status, 
and method-relevant descriptors. If our ideas are adopted, in part or in whole, 
we expect the comparability of studies to increase. Adopting our ideas will also 
make it easier to make an assessment of the generalizability of findings.
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1. Introduction

Over the past two decades, scientists have developed a rudimentary understanding of the 
biological mechanisms that contribute to romantic love. These mechanisms include the 
neurobiology, endocrinology, and genetics of romantic love. However, studies that tackled these 
issues have a significant limitation–the samples’ characteristics impact their findings. Age, sex, 
demographic characteristics, relationship characteristics, and romantic love characteristics are 
but a few features that could affect the comparability of studies and generalizability (Kukull and 
Ganguli, 2012) of findings. While the findings of neuroimaging studies are generally coherent 
(see Bode and Kushnick, 2021), the inconsistent endocrinological evidence is creating a 

OPEN ACCESS

EDITED BY

Barnaby James Wyld Dixson,  
The University of Queensland, Australia

REVIEWED BY

Sannet Thomas,  
Veer Bahadur Singh Purvanchal University,  
India
Victor De Munck,  
Vilnius University, Lithuania
Federico d’Oleire Uquillas,  
Princeton University, United States

*CORRESPONDENCE

Adam Bode  
 adam.bode@anu.edu.au

RECEIVED 05 July 2022
ACCEPTED 06 April 2023
PUBLISHED 04 May 2023

CITATION

Bode A and Kowal M (2023) Toward consistent 
reporting of sample characteristics in studies 
investigating the biological mechanisms of 
romantic love.
Front. Psychol. 14:983419.
doi: 10.3389/fpsyg.2023.983419

COPYRIGHT

© 2023 Bode and Kowal. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Review
PUBLISHED 04 May 2023
DOI 10.3389/fpsyg.2023.983419

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2023.983419&domain=pdf&date_stamp=2023-05-04
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.983419/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.983419/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.983419/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2023.983419/full
http://orcid.org/0000-0003-4593-5179
http://orcid.org/0000-0001-9050-1471
mailto:adam.bode@anu.edu.au
https://doi.org/10.3389/fpsyg.2023.983419
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2023.983419


Bode and Kowal 10.3389/fpsyg.2023.983419

Frontiers in Psychology 02 frontiersin.org

conundrum for researchers. This review summarizes what is known 
about sample characteristics reported in neuroimaging, 
endocrinological, and genetics research into romantic love and 
presents ideas for future studies. It is important to have a harmonized 
approach to sample reporting to maximize comparability between 
studies and the ability to determine findings’ generalizability.

First, we define romantic love. Second, we detail the commonly 
used measures of romantic love. Third, we  describe the methods 
we  employed in this review. Fourth, we  describe the sample 
characteristics reported in neuroimaging, endocrinological, and 
genetics studies. Fifth, we discuss the finding by summarizing the 
sample reporting practices in studies investigating the biological 
mechanisms of romantic love, introduce the concept of comparability 
and make an assessment of the comparability of existing studies, 
introduce the concept of generalizability and make an assessment of 
generalizability of existing studies, and suggest ideas for future 
research. These ideas could be adopted across the full spectrum of 
disciplines scientifically investigating romantic love.

2. Definition of romantic love

“Romantic love is a motivational state typically associated with a 
desire for long-term mating with a particular individual. It occurs 
across the lifespan and is associated with distinctive cognitive, 
emotional, behavioral, social, genetic, neural, and endocrine activity 
in both sexes. Throughout much of the life course, it serves mate 
choice, courtship, sex, and pair-bonding functions. It is a suite of 
adaptations and by-products that arose sometime during the recent 
evolutionary history of humans” (Bode and Kushnick, 2021, p. 21). 
Romantic love is sometimes referred to as “passionate love” and differs 
from companionate love, which is felt less intensely and often follows 
a period of romantic love (see Hatfield and Walster, 1985).

3. Commonly used measures of 
romantic love

3.1. Passionate love scale (PLS)

The PLS (Hatfield and Sprecher, 1986) is a 30-item or 15-item 
measure of the cognitive, emotional, and behavioral characteristics of 
romantic love in people who are in a romantic relationship. Cognitive 
items assess intrusive thinking or preoccupation with the partner, 
idealization of the other in the relationship, and desire to know the 
other and to be known by the other. Emotional items assess attraction 
to the other, especially sexual attraction, negative feelings when things 
go awry, longing for reciprocity, desire for complete union, and 
physiological arousal. Behavioral items assess actions toward 
determining the other’s feelings, studying the other person, service to 
the other, and maintaining physical closeness. Items were selected 
from among 165 items using item analysis in two studies. Examples of 
questions include “Since I’ve been involved with ____________, my 
emotions have been on a roller coaster,” “Sometimes I feel I cannot 
control my thought; they are obsessively on ____________,” and “I 
will love ____________ forever.”

Responses are measured on a 9-point Likert scale ranging from 1 
(not at all true) to 9 (definitely true). Scores can range from 30 to 270 

for the 30-item measure or 15–135 for the 15-item measure. The PLS 
was constructed and validated in two studies of 136 and 164 American 
university students involved in dating or more serious relationships. 
Alpha was 0.94 for the 30-item measure and 0.91 for the 15-item 
measure. A factor analysis indicated that the PLS assesses a single 
factor which explained 70% of the variance in that data. The PLS has 
been used widely cross-culturally (Feybesse and Hatfield, 2019) and 
has shown consistently high reliability in studies of romantic love 
(Graham and Christiansen, 2009).

3.2. Triangular love scale (TLS)

The TLS (Sternberg, 1988, 1997) is a 45-item measure of three 
dimensions of love (i.e., intimacy, passion, and commitment) 
identified in the triangular theory of love (Sternberg, 1986) in people 
who are in a social relationship. In the context of romantic love, it 
should be  administered to individuals who are in a romantic 
relationship. Each subscale includes 15 items and is scored separately. 
The intimacy subscale assesses feelings of closeness, connectedness, 
and bondedness. The passion subscale assesses drives that lead to 
romance, physical attraction, and sexual consummation. The 
commitment subscale assesses the decision that an individual love’s 
their partner and their commitment to maintaining the relationship. 
Examples of questions include “I am able to count on ____________ 
in times of need,” “I cannot imagine life without ____________,” and 
“I feel a sense of responsibility toward ____________.”

Responses are measured on a 9-point Likert scale ranging from 1 
(not at all) to 9 (extremely). Scores on each subscale can range from 15 
to 135. Thresholds for each subscale indicate whether an individual is 
experiencing that component of love from significantly below average 
to significantly above average. Romantic love is associated with high 
scores on passion and intimacy subscales, but commitment can also 
be high (in which case it is called consummate love). A 36-item TLS 
was validated in two studies of 84 and 101 American adults recruited 
via newspaper advertisements (Sternberg, 1997). Alphas were 0.91 for 
intimacy, 0.94 for passion, 0.94 for commitment, and 0.97 overall. 
Factor analysis indicated that a three-factor solution explained 60% of 
the variance in the data. The TLS has high reliability across studies with 
different sample characteristics (Graham and Christiansen, 2009) and 
has been demonstrated to be psychometrically sound cross-culturally 
(Sorokowski et al., 2021). A number of attempts have been made to 
develop a short-form of the TLS (e.g., Kowal et al., 2022).

3.3. Eros subscale of the love attitudes 
scale (LAS)

The LAS (Hendrick and Hendrick, 1986) is a measure of love 
attitudes based on the “colors of love” theory (Lee, 1973). It is a 
42-item scale assessing six types of love styles: Mania (possessive, 
dependent love), Eros (romantic love), Pragma (logical, “shopping 
list” love), Storge (friendship love), Ludus (game-playing love), or 
Agape (all-giving, selfless love). It was not intended to measure 
romantic love but has increasingly been used as a measure of 
individuals’ experience of love (Hatfield et al., 2012), and is sometimes 
used as a measure of romantic love. The Eros subscale is a 7-item 
measure assessing emotions, behaviors, aspects of attraction, and 
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relationship characteristics. Its focus is on strong physical preferences, 
early attraction, intensity, and commitment to an individual’s lover. 
It asks questions that can only be administered to individuals who are 
in a romantic relationship. Examples of questions include “My lover 
and I were attracted to each other immediately after we first met,” 
“Our lovemaking is very intense and satisfying,” and “My lover fits 
my ideal standards of physical beauty/handsomeness.”

Responses are measured on a 5-point Likert scale ranging from 1 
(strongly agree) to 5 (strongly disagree). The LAS was originally 
validated in two studies of 807 American university students and 567 
American University students. Alpha for the Eros subscale was 0.70. 
Factor analysis demonstrated suitable internal reliability, and 
reasonable independence from the other LAS subscales. A 4-item and 
3-item short form of the Eros subscale has been developed (Hendrick 
et al., 1998) with alphas of 0.82 and 0.79, respectively.

3.4. Time thinking about a loved one

Time spent thinking about a loved one is a single item assessment 
of romantic love. Obsessive thinking about a loved one is characteristic 
of early-stage romantic love (see Hatfield and Sprecher, 1986; Fisher, 
1998; Leckman and Mayes, 1999) but this is not the case in long-term 
romantic love (Acevedo and Aron, 2009; O’Leary et al., 2011). It can 
be assessed in terms of number of hours per day spent thinking about 
a loved one (e.g., Marazziti et al., 1999; Marazziti and Canale, 2004; 
Emanuele et al., 2006) or percentage of waking hours spent thinking 
about a loved one (e.g., Langeslag et al., 2012). We are not aware of any 
studies that have validated this item as a measure of romantic love. 
Nonetheless, time spent thinking about a loved one is a simple and 
short means of assessing romantic love, regardless of relationship status.

3.5. A validated measure suitable for 
individuals not in a relationship with their 
loved one (infatuation scale)

Unrequited love is a neglected phenomenon in biological 
mechanisms research into romantic love. It has been identified as an 
important area for future research (Bode and Kushnick, 2021). 
Unrequited love takes a number of forms: love for a celebrity, love for 
someone known but not actively pursued, love for someone known 
being pursued, love for a former partner, and unequal love relationship 
(Bringle et  al., 2013). All but one of these (i.e., unequal love 
relationship) are individuals who are not in a romantic relationship 
with their loved one.

The Infatuation Scale (Langeslag et al., 2012) is a 10-item measure 
of romantic infatuation. Infatuation is one component of romantic love 
(see the attraction system in Fisher, 1998, 2000; Fisher et al., 2002). The 
Infatuation Scale is suitable for administration to individuals in 
romantic relationships and individuals not in romantic relationships. 
The Infatuation Scale assesses cognitive, emotional, behavioral, and 
physiological characteristics associated with infatuation. Examples of 
questions include “I get shaky knees when I am near ______,” “My 
thoughts about ______ make it difficult for me to concentrate on 
something else,” and “I am shy in the presence of ______.”

Responses are measured on a 7-point Likert scale ranging from 1 
(strongly agree) to 7 (strongly disagree). Scores can range from 10 to 

70. The Infatuation Scale was constructed and validated in conjunction 
with the Attachment Scale in three studies of 162 Dutch-speakers who 
were in love and/or were involved in a romantic relationship, 214 
Dutch-speakers who were in love and/or were involved in a romantic 
relationship, and 183 English-speakers who were in love and/or were 
involved in a romantic relationship. Alphas for the Infatuation Scale 
in each study were 0.94, 0.89, and 0.83, respectively. One exploratory 
factor analysis and two confirmatory factor analyses indicated that the 
Infatuation Scale constituted one of two factors (the second being the 
Attachment Scale). Infatuation Scale scores tend to be  higher in 
individuals who are not in a romantic relationship with their loved 
one compared with those who are in a romantic relationship with 
their loved one. The Infatuation Scale has not been widely adopted in 
the literature. The Infatuation Scale may not be suitable for all types 
of unrequited love (i.e., love for a celebrity) and may not 
be discriminating in people who love a past lover, but it is the only 
validated measure related to romantic love that we are aware of that is 
suitable for the majority of people who are not in a relationship with 
their loved one.

4. Methods

We undertook three separate searches for studies investigating the 
mechanisms of romantic love (i.e., neuroimaging studies, 
endocrinological studies, and genetics studies). To identify relevant 
neuroimaging studies, we undertook three separate topic searches on 
Web of Science and three separate title/abstract searches of PubMed 
to identify relevant neuroimaging studies. We searched for (i) love 
AND EEG, (ii) love AND ERP, (iii) love AND fMRI, and (iv) love 
AND “positron emission tomography.” We also included other studies 
that we were aware of and contacted relevant authors to see if they 
could identify any relevant studies we had missed. To identify relevant 
endocrinological studies, we  collated all the endocrine studies of 
romantic love that we were aware of, including those identified from 
reading the text of relevant studies. We also contacted relevant authors 
to see if they could identify any relevant studies we had missed. To 
identify relevant genetics studies, we undertook a topic search on Web 
of Science and a title/abstract search on PubMed to identify relevant 
genetics. We  searched for love AND genetic. We  also contacted 
relevant authors to see if they could identify any relevant studies 
we  had missed. Inclusion criteria were studies published in peer-
reviewed articles up to and including 2021 with a group or entire 
sample experiencing romantic love.

5. Sample characteristics reported in 
studies

5.1. Neuroimaging studies

We identified 32 neuroimaging studies (i.e., 10 EEG/ERP, 21 
fMRI, 1 PET) involving 688 particpants experiencing romantic love 
reported in 29 peer-reviewed journal articles that met our inclusion 
criteria. Table 1 presents the neuroimaging studies included in this 
review. Supplementary Table 1 presents a summary of the romantic 
love sample characteristics reported in neuroimaging studies with a 
group or entire sample experiencing romantic love.

https://doi.org/10.3389/fpsyg.2023.983419
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Bode and Kowal 10.3389/fpsyg.2023.983419

Frontiers in Psychology 04 frontiersin.org

All studies reported the sample size of participants experiencing 
romantic love. All but one study reported the gender of participants. All 
but two studies reported the mean age of participants and many 
reported the age range. Twenty-seven studies used the Passionate Love 
Scale (PLS; Hatfield and Sprecher, 1986) as a measure of romantic love. 
Some used the 30-item version and some used the 15-item version (it is 
not possible to determine precisely how many studies used each version 
because most studies do not indicate which version was used and only 
report mean item scores instead of total scores). Four studies used the 
Infatuation Scale and the Attachment Scale (Langeslag et al., 2012). 
Twenty studies reported mean relationship duration and most of these 
reported the relationship duration range. Sixteen studies reported mean 

length of time in love and some reported the range. All studies provided 
additional descriptors of the participants (e.g., sociodemographic or 
health characteristics). Only 16 studies explicitly provided the country 
in which the study took place, although this information can 
be  indirectly inferred from, for instance, authors’ affiliations or 
information on which ethical committee approved the study’s protocols.

5.2. Endocrinological studies

We identified nine endocrinological studies involving 364 
participants experiencing romantic love that met our inclusion 
criteria. Table 2 presents the endocrinological studies included in this 
review. Supplementary Table 2 presents a summary of the romantic 
love sample characteristics reported in endocrinological studies with 
a group or entire sample experiencing romantic love.

All studies reported the sample size of participants experiencing 
romantic love. All studies reported the gender of participants. All but 
one study reported the age of participants (mostly the mean and 
standard deviation). A number of ways of measuring romantic love 
were used. Four studies used the number of hours spent thinking about 
the loved one, three studies used the PLS, and two studies used the 
Triangular Love Scale (TLS; Sternberg, 1988) or a subscale of the TLS 
(although one study did not report the results). Five studies reported the 
mean relationship duration and six studies reported the permitted 
relationship duration for inclusion in the study. All studies reported 
sample descriptors, although, once again, these are often provided only 
as inclusion or exclusion criteria. One study reported the country in 
which the study took place and one study reported the city. However, 
some inferences can be made from the languages of certain measures in 
some studies, the source of ethics approval, or the affiliations of authors.

5.3. Genetics studies

We identified two genetics studies involving, in total, 36 
participants experiencing romantic love that met our inclusion 
criteria. Table 3 presents the genetics studies included in this review. 

TABLE 1 Neuroimaging studies included in this review (reference, 
number of subjects in the romantic love groups, and type of imaging 
undertaken).

References n Type of imaging

Bartels and Zeki (2000) 17 fMRI

Aron et al. (2005) 17 fMRI

Langeslag et al. (2007) 18 EEG

Ortigue et al. (2007) 36 fMRI

Langeslag et al. (2008) 20 EEG

Kim et al. (2009) 10 fMRI

Fisher et al. (2010) 15 fMRI

Younger et al. (2010) 15 fMRI

Zeki and Romaya (2010) 24 fMRI

Xu et al. (2011) 18 fMRI

Stoessel et al. (2011) 12 fMRI

Cacioppo et al. (2012) 20 EEG

Cannas Aghedu et al. (2021) 22 EEG

Acevedo et al. (2012) 17 fMRI

Xu et al. (2012a) 18 fMRI

Xu et al. (2012b) 12 fMRI

Scheele et al. (2013) S1: 20 fMRI

Scheele et al. (2013) S2: 20 fMRI

Yin et al. (2013) 36 fMRI

Langeslag et al. (2014) 15 fMRI

Langeslag et al. (2015) S1: 20 EEG

Langeslag et al. (2015) S2: 18 EEG

Song et al. (2015) 34 fMRI

Takahashi et al. (2015) 10 PET

Langeslag and van Strien (2016) S1: 32 EEG

Wang et al. (2016) 22 fMRI

Yin et al. (2018) 324 fMRI

Langeslag and Van Strien (2019) 24 EEG

Acevedo et al. (2020) T1: 19, T2: 13 fMRI

Langeslag and van Strien (2020) S1: 24 EEG

Langeslag and van Strien (2020) S2: 24 EEG

Wang et al. (2020) 34 fMRI

EEG, Electroencephalogram; fMRI, Functional magnetic resonance imaging; PET, Positron 
emission topography; S1, Study 1; S2, Study 2; T1, Time 1; T2, Time 2.

TABLE 2 Endocrinological studies included in this review (reference, 
number of subjects in the romantic love groups, and factors measured).

References n Factors

Marazziti et al. (1999) 20 Serotonin transporter

Marazziti and Canale (2004) 24 FSH, LH, estradiol, progesterone, 

DHEA, cortisol, testosterone, 

androstenedione

Emanuele et al. (2006) 58 NGF

Dundon and Rellini (2012) 29 Norepinephrine, dopamine

Langeslag et al. (2012) 20 Serotonin

Weisman et al. (2015) 120 Cortisol

Marazziti et al. (2017) 30 Dopamine transporter

Sorokowski et al. (2019) 47 Estradiol, LH, FSH, prolactin, 

testosterone, cortisol

Renner et al. (2021) 16 Cortisol, DHEA, progesterone

FSH, follicle stimulating hormone; LX, luteinizing hormone; DHEA, 
dehydroepiandrosterone.
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Supplementary Table  3 presents a summary of the romantic love 
sample characteristics reported in genetics studies with a group or 
entire sample experiencing romantic love.

Both studies reported the sample size of participants experiencing 
romantic love and the gender of participants. One study reported the 
age of the participants (experiencing romantic love) while the other 
only reported the age of the entire sample (including non-romantic 
love participants). One study measured romantic love using the Eros 
subscale of the Love Attitudes Scale (LAS; Hendrick and Hendrick, 
1986) while the other study relied on self-reported experience of 
having fallen in love. We are aware of one other genetics study that did 
not meet our inclusion criteria which used the Eros subscale of the 
LAS (Emanuele et al., 2007). One study reported relationship duration 
while the other indirectly indicated relationship duration (a 
combination of range at baseline plus median at follow-up). Both 
studies provided descriptors of the sample. One study indicated the 
nationality of participants.

6. Discussion

In the sections above, we defined romantic love, summarized the 
sample characteristics reported in neuroimaging, endocrinological, 
and genetics studies. Now, we will summarize the sample reporting 
practices of studies investigating the biological mechanisms of 
romantic love, detail the resulting implications for comparability and 
generalizability, and present ideas for sample reporting in 
future studies.

6.1. Summary of sample reporting practices

All but one relevant study reported the sample size of people 
experiencing romantic love and the gender of participants. All but one 
relevant study reported the sample age of participants. This is 
frequently done by reporting the range, mean, and standard deviation. 
Almost all studies reported the gender of participants. This was 
probably done because gender can sometimes serve as a proxy for sex. 
Neuroimaging studies, overwhelmingly, used the PLS, one relevant 
genetics study used the Eros subscale of the LAS, and endocrinological 
studies used a variety of measures. Studies used the long-form and 
short-form of PLS. Studies frequently reported the mean and standard 
deviation of total scores and mean items scores on measures of 
romantic love. Most studies reported relationship duration and/or 
time in love (by reporting the range, mean, and standard deviation, 
although some simply report the range or relationship duration 
permitted for inclusion in the study). Almost all studies reported 
additional descriptors of participants, although, often, this was done 
because they detailed inclusion and exclusion criteria. Few studies 

reported extensive sociodemographic or health-related descriptors. 
Some studies reported the country in which the study took place.

6.2. Comparability

The reporting practices of studies investigating the biological 
mechanisms in romantic love have implications for the comparability 
of studies. This is true for comparing studies both between and among 
different types of mechanism research (i.e., neuroimaging, 
endocrinological, genetics). Comparability is important because it 
situates each individual study within the context of similar research 
and ensures that studies are investigating the same phenomenon in 
the same types of situations. Having comparable samples permits an 
assessment of the total weight of evidence for findings. Comparing the 
sample sizes, sexes, and ages of participants across included studies is 
simple enough because these data are reported for almost all studies. 
Comparing the romantic love characteristics, however, is more 
challenging. Comparability of samples’ romantic love characteristics 
is of the utmost importance, because it permits an assessment of 
whether all studies are investigating the same phenomenon.

There are five ways of assessing romantic love used in the studies that 
we consider (i.e., PLS, TLS, LAS, time spent thinking about loved one, 
self-report), and comparing studies’ results is a fruitless endeavor. The 
love scales (PLS, passion and intimacy subscales of the TLS, and Eros 
subscale of the LAS) were found to be moderately correlated with each 
other (with r ranges from 0.49 to 0.79; Graham, 2011). The TLS does not 
provide a single measure of romantic love, but rather provides a measure 
of three different components of love, two of which are said to be involved 
in romantic love. Further, the Eros subscale of the LAS assesses a type of 
romantic love associated with a rapid attraction onset and emotional 
involvement–things that are inconsistent with the way the majority of 
romantic relationships develop (see Stinson et  al., 2021). These 
discrepancies are particularly problematic when comparing studies with 
contrasting findings or when comparing studies or different mechanisms.

Most studies report relationship duration or time in love. However, 
these two indicators are not equivalent. The onset of romantic love and 
the formation of a romantic relationship are likely to occur within 
temporal proximity, but are distinct phenomena. Romantic love may 
precede or follow the formation of a relationship. While both factors 
are relevant and potentially important in understanding romantic love, 
uniformity would improve the comparability of studies.

Finally, the descriptors of study participants in relevant studies are 
not sufficient to ensure comparability. Most studies’ descriptors are 
consequences of reporting inclusion and exclusion criteria, rather than 
intentionally attempting to describe participants. This is particularly 
problematic in endocrinological research, where findings are 
inconsistent. Specifically, studies do not provide consistent findings 
concerning cortisol (Marazziti and Canale, 2004; Weisman et al., 2015; 
Sorokowski et al., 2019; Renner et al., 2021), testosterone (Marazziti 
and Canale, 2004; Sorokowski et al., 2019), and serotonin (Marazziti 
et  al., 1999; Langeslag et  al., 2012). Other disciplines (e.g., 
epidemiology) regularly and consistently report the socio-
demographic characteristics of samples, and this adds substantially to 
the comparability of samples and findings across studies. Romantic 
love research may learn from other such disciplines. Increasing the 
comparability of sample characteristics would help to make better 
sense of inconsistent findings in future studies.

TABLE 3 Genetic studies included in this review (reference, number of 
subjects in the romantic love groups, genetic characteristic assessed).

References n Assessed characteristic

Murray et al. (2019) 17 Immune cell gene regulation (115 genes)

Acevedo et al. (2020) T1: 19, T2: 13 AVPR1a rs3, OXTR rs53576, COMT 

rs4680, and DRD4-7R alleles

T1, Time 1; T2, Time 2.
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6.2.1. Comparability of existing studies
Having outlined the importance of ensuring comparability of 

studies, it is necessary to also make a determination about the 
comparability of existing studies investigating the mechanisms of 
romantic love. Almost all studies report some basic information, such 
as age of participants, sex of participants, and a measure of romantic 
love. A number of studies can be compared because they report similar 
data characteristics (such as time in love or relationship duration). In 
our assessment, however, comparability between all studies is only 
possible in terms of age and sex (although neuroimaging studies can 
largely be compared in terms of scores on the Passionate Love Scale). 
Comparing samples of all studies on more than this is not possible.

6.3. Generalizability

The sample reporting practices of studies investigating the 
biological mechanisms of romantic love have implications for the 
generalizability of studies. We deem generalizability as crucial because 
it can determine the degree to which findings apply to a particular 
group or groups or are indicative of a universal phenomenon. The issues 
at hand are whether findings are likely to apply, generally or specifically, 
to other study settings or samples. Can the findings be applied to all 
humans experiencing romantic love? To answer this, we must consider 
sampling and representativeness, the potential for bias, and confounding 
factors, and how the reporting of sample characteristics can help us 
manage these influences (Kukull and Ganguli, 2012).

The romantic love groups used in biological mechanisms studies 
tend to be self-selected convenience samples. That is, using advertising 
or other means, individuals become aware of an opportunity to take 
part in the research. University students are commonly used in these 
studies. There are obvious benefits to this approach, namely, making 
the recruitment process efficient and ensuring participants are 
committed to the study. However, there are a number of problems, 
including self-selection bias and non-representativeness of the sample 
(Sharma, 2017). This unrepresentativeness could potentially give rise 
to a selection bias. The specific types of people willing to participate 
in the research possess characteristics that make the results less 
applicable to the general population (Henderson and Page, 2007). This 
selection bias could mean that certain factors confound the results. In 
the case of romantic love, personality or motivation may be different 
in people willing to engage in romantic love or relationship research.

The features of samples in studies investigating the biological 
mechanisms of romantic love should also be considered in a broader 
context. Researchers have highlighted the general bias in scientific 
research to use Western, educated, industrialized, rich and democratic 
(WEIRD) samples (Henrich et al., 2010; Apicella et al., 2019). This is 
certainly the case in relation to the studies we consider. Although the 
nation in which the studies were conducted is not reported in most 
studies, consideration of the universities to which authors are affiliated 
and the source of ethics approvals indicates that the overwhelming 
majority of relevant studies take place in WEIRD countries, 
particularly, the USA. Western, educated, industrialized, rich, and 
developed populations differ from other populations on a range of 
psychological characteristics and traits. At present, we cannot say if 
this is the case in relation to some biological features associated with 
romantic love. Romantic love is very similar cross-culturally, but some 
differences do exist (see Sprecher et al., 1994; Feybesse and Hatfield, 

2019; Karandashev, 2019). Progressing biological mechanisms 
research to a more nuanced level of analysis requires consideration 
that differences might exist between populations. To do this, it is 
necessary to ensure sufficient description of samples to permit 
assessment of how WEIRD each sample is.

Robust and detailed reporting is not going to fix limited 
generalizability. However, it can help to mitigate this problem by 
providing detailed descriptions of participant characteristics against 
which the broader population can be  compared. Sex and age are 
important, but greater emphasis needs to be placed on the consistent 
reporting of romantic love characteristics as well as sociodemographic, 
psychological, and health characteristics. This will enable readers to 
assess the likelihood that findings can be  generalized to a 
broader population.

6.3.1. The generalizability of existing studies
In light of the importance we have placed on an ability to 

assess the generalizability of findings, it seems appropriate to 
comment on the generalizability of existing studies. Limited 
sample descriptions in most studies substantially limit our ability 
to assess the generalizability of existing studies. Lack of 
information about geographical location in some studies and 
socioeconomic status means that we cannot assert that findings 
are representative of the general population in any particular 
country or globally. The high proportion of studies using 
university students and participants of a relatively young age also 
suggests that the findings may be  particular to a 
younger population.

6.4. Ideas for future research

In light of the sample reporting practices detailed above, we present 
ideas about what sample characteristics should be used in future studies 
to improve comparability and the ability to assess generalizability. 
Figure  1 presents ideas for characteristics to be  reported in future 
studies investigating the biological mechanisms of romantic love.

6.4.1. Sex
Existing studies rarely report sex; they use gender as a proxy for 

sex. The proliferation of non-traditional gender identities in recent 
years means that researchers will face an increasing problem using 
gender as a proxy for sex. As a result, we believe that future studies 
could, at a minimum, report the biological sex of participants. Sex is 
either male or female. An “intersex” category may be required in some 
circumstances. Further guidance related to the reporting of sex can 
be found in the Sex and Gender Equity Research (SAGER) guidelines 
(see Heidari et al., 2016).

6.4.2. Age
Romantic love occurs across the lifespan (Hatfield et al., 1988; 

Wang and Nguyen, 1995), but different ages are associated with 
different frequencies and characteristics. To maximize comparability 
across studies, age range, mean, SD, and median could be reported.

6.4.3. Romantic love characteristics
Existing studies used multiple measures of romantic love. 

We believe that all studies would benefit from reporting results 
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for the PLS and TLS (i.e., where individuals are in a romantic 
relationship). The PLS is the most commonly used measure in 
biological mechanisms research of romantic love. However, it 
focuses mainly on the passionate component of love (Hatfield 
and Sprecher, 1986), often associated with limerence (Tennov, 
1979). Individuals can have similar scores but have radically 
different experiences (Cannas Aghedu et al., 2019). The TLS, on 
the other hand, captures not only the passionate aspect of love, 
but also intimacy and commitment (Sternberg, 1986), which were 
distinguished as related to the PLS but not equivalent to it 
(Hatfield and Sprecher, 1986). Thus, the TLS provides much- 
needed additional information that may have implications for 
study results. Full-length or short-forms would be appropriate, 
but which version is used should be reported. There will also be a 
need to measure romantic love in individuals not in a relationship 
with their loved. Where such participants exist, the Infatuation 
Scale should be administered. If the specific measure is detailed, 
and used the normal scoring approach, it would only be necessary 
to report mean item score range, mean item score, mean item 
score standard deviation, and median. The percentage of waking 
hours spent thinking about a loved one should also be included 
in all studies assessing the biological mechanisms of romantic 
love (see Langeslag et al., 2012).

6.4.4. Relationship status
Studies would benefit from reporting the relationship status of 

participants in studies of romantic love. Possible status categories 
could include the following: (i) not in a romantic relationship, (ii) 
dating and not cohabiting, (iii) in a committed romantic relationship 
but not cohabiting, (iv) in a committed romantic relationship and 
cohabiting, or (v) married or de facto (see Langeslag et al., 2012).

6.4.5. Relationship duration
Relationship duration is more commonly reported in relevant 

studies than time in love. Relationship duration is potentially 

informative because it serves as a proxy for the stage of  
romantic love (Garcia, 1997). As a result, studies would benefit 
from reporting the relationship duration of participants 
where possible.

6.4.6. Time in love
Romantic love not in a relationship is more common than 

romantic love in a relationship in young adults and adolescents (see 
Bringle et al., 2013; Kuula et al., 2020). Unrequited love has been 
identified as an important area of future research (Bode and Kushnick, 
2021). As a result, promoting comparability among future studies may 
require the reporting of time in love. We believe that studies would 
benefit from reporting time in love.

6.4.7. Relationship satisfaction
Relationship satisfaction may be a cause or consequence of 

romantic love and has implication for how romantic love is 
experienced, especially in cases of uncertain relationship status 
or unrequited love. Being “happily” in love has been used as 
discriminate variable in some neuroimaging studies of romantic 
love (e.g., Stoessel et  al., 2011). Relationship satisfaction can 
assess this feature. Relationship satisfaction can be measured with 
a single item asking “In general, how satisfied are you with your 
relationship?” (Fülöp et  al., 2020). There are, however, other 
means (see Nichols et al., 1983; Schumm et al., 1986; Hendrick 
et al., 1998; Fletcher et al., 2000).

6.4.8. Type of unrequited love
Few studies (e.g., Fisher et al., 2010; Stoessel et al., 2011; Song 

et al., 2015) have investigated the mechanisms associated with 
unrequited love. However, this is a necessary part of future 
biological mechanisms research into romantic love (Bode and 
Kushnick, 2021). Studies where unrequited lovers are participants 
would benefit from reporting the type of unrequited love. These 
may include: love for a celebrity, love for someone known but not 

FIGURE 1

Ideas for sample characteristics to be reported in studies investigating the biological mechanisms of romantic love.
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actively pursued, love for someone known being pursued, love for 
former partner, unequal love relationship (Bringle et al., 2013). 
Determining unrequited love may involve asking participants if 
their loved one loves them in return.

6.4.9. Sexual activity
Sexual activity (or the absence of sexual activity) is reported 

in a small number of the studies we  consider (e.g., Marazziti 
et al., 1999; Marazziti and Canale, 2004; Acevedo et al., 2020). 
This is under-reported in biological mechanisms research given 
the close relationship between romantic love and sexual behavior. 
Sex is one of the functions of romantic love (Meston and Buss, 
2007, 2009; Bode and Kushnick, 2021) and sexual behavior could 
potentially impact the mechanisms that are being measured in 
relevant studies (as alluded to in Meltzer et  al., 2017). For 
example, oxytocin, a hormone that is released during sexual 
activity (Murphy et al., 1987; Carter, 1992), plays a role in social 
bonding (Olff et al., 2013) and romantic attachment, especially at 
the initial stages of romantic attachment (Schneiderman et al., 
2012). Neural structures rich in oxytocin receptors are active in 
people experiencing romantic love (e.g., Bartels and Zeki, 2004). 
As a result, studies would benefit from reporting if an individual 
is engaging in sexual activity with their partner or loved one and 
the frequency of this sexual activity (per week; e.g., Acevedo 
et al., 2020).

6.4.10. Cultural characteristics
Some studies report the cultural or ethnic characteristics of 

participants. Culture plays a role in the experience and expression of 
romantic love (Karandashev, 2019), although the psychological 
characteristics, measured by commonly used scales, are remarkably 
similar (Feybesse and Hatfield, 2019). Studies would benefit from 
reporting the country in which studies occur. Reporting the city in 
which studies take place may also be useful as differences in culture 
and language can exist within countries. The relevant factor here is 
where the sample comes from.

6.4.11. Socioeconomic status
“Socioeconomic factors and social class are fundamental 

determinants of human functioning across the life span, including 
development, well-being, and physical and mental health” 
(American Psychological Association Task Force of 
Socioeconomic Status, 2007, p. 1). It is a construct often derived 
from a combination of education, income, and occupation. 
Assessing socioeconomic status is particularly important to 
ensure that an assessment of generalizability of findings can 
be undertaken. To maximize comparability between studies, a 
single item assessing years of formal education could be used. 
Household income could be collected when all participants are 
from within one country or economic zone (i.e., use the same 
currency). Guidance for occupation categories may be taken from 
the International Standard Classification of Occupations (i.e., 
managers, professionals, technicians and associated professionals, 
clerical support workers, service and sales workers, skilled 
agricultural, forestry, and fishery workers, craft and related trades 
workers, plant and machine operators and assemblers, elementary 
occupations, and armed forces occupations; Tripartite Meeting 
of Experts on Labour Statistics on Updating the International 
Standard Classification of Occupations, 2007).

6.4.12. Student status
One of the main criticisms of some research is that it relies heavily 

on university students (Henrich et al., 2010). University students are 
an easily accessible and cooperative population with which to conduct 
biological mechanisms research into romantic love. However, it is 
important to acknowledge that using this population may limit the 
generalizability of findings. Studies would benefit from making clear 
what proportion of their samples are students.

6.4.13. Method-relevant descriptors
There are circumstances where specific characteristics are relevant 

to the study design. For example, right-handedness is relevant to 
neuroimaging studies and phase (or day) of menstrual cycle is relevant 
to some endocrine studies. Studies would benefit from reporting these 
types of characteristics, when relevant.

6.4.14. Reporting additional sample 
characteristics

Our ideas outline what sample characteristics we  believe all 
biological mechanisms studies of romantic love should report. 
However, these represent just the minimum characteristics that should 
be reported. We encourage researchers to report a greater number of 
characteristics. Characteristics that would be particularly useful for 
promoting comparability or an assessment of generalizability include 
gender identity and sexual orientation, number of times ever in love, 
additional measures of relationship duration (i.e., how long known the 
loved one), sexual activity (i.e., time since last sex), more detailed 
cultural characteristics (i.e., country in which participant spent most 
of their childhood) or ethnicity, day of menstrual cycle for females, as 
well as a number of variables related to relationship dissolution, when 
relevant (i.e., time since breakup, initiator status), number and age of 
children, when relevant, and health characteristics (i.e., physical and 
mental health status). Researchers may also choose to administer the 
Infatuation Scale to all individuals in a relationship, as well as to 
individuals not in a romantic relationship, permitting a comparison of 
findings across relationship status. We refer readers to an endocrine 
study by Renner et al. (2021) as a good example of how extensive 
sample characteristics reporting can enrich a study and provide a 
deeper understanding of the findings.

6.5. Implications for other types of studies

The focus of this review is the sample characteristics reported in 
studies investigating the biological mechanisms of romantic love. Our 
ideas relate specifically to these types of studies. However, we suggest 
that other types of research into romantic love, such as psychological 
research, would also benefit from adopting our ideas. This would help 
to promote comparability among psychological studies as well as their 
generalizability, and also promote comparability between 
psychological and biological mechanisms studies.

7. Conclusion

This article lays out an argument and ideas for consistent sample 
reporting practices in biological mechanisms research of romantic love. 
We find that comparing studies is difficult because of inconsistent use 
of measures of romantic love as well as limited reporting of additional 
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relevant characteristics. Assessments of generalizability are also 
hampered because of a lack of descriptive information that allows a 
comparison with the general population or specific populations. 
We  provided ideas for sample reporting characteristics that will 
enhance comparability of studies and the ability to make an assessment 
of generalizability (i.e., sample size, sex age, romantic love, relationship 
status, time in love, relationship duration, relationship satisfaction, type 
of unrequited love, sexual activity, cultural characteristics, 
socioeconomic status, student status, and method-relevant descriptors).

First, we defined romantic love. Second, we detailed the commonly-
used measures of romantic love. Third, we  described the methods 
we  employed in this review. Fourth, we  described the sample 
characteristics reported in neuroimaging, endocrinological, and genetics 
studies. Fifth, we discussed the finding by summarizing the sample 
reporting practices in studies investigating the biological mechanisms of 
romantic love, introduce the concept of comparability and make an 
assessment of the comparability of existing studies, introduce the concept 
of generalizability and make an assessment of generalizability of existing 
studies, and suggest ideas for future research. These ideas can be applied, 
in part or in whole, to studies that use designs other than that of a 
controlled comparison. They may also be used in studies employing 
alternative or more complex designs. While our focus has been to 
describe and present ideas for sample reporting characteristics in 
biological mechanisms research into romantic love, these ideas may 
be employed effectively in other types of research.
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